There is a strong relation between serum lipids and the development of atherosclerosis and coronary heart disease, and both total cholesterol and high density lipoprotein-cholesterol have been firmly established as risk indicators in individuals and in communities.1 2 In the Regional Heart Study, the.contribution made by the various serum lipids to the risk of coronary heart disease will be determined in relation to both the prevalence of coronary heart disease at the initial 
The Regional Heart Study seeks to explain the striking geographical variations in cardiovascular mortality in Great Britain and to define risk factors for cardiovascular disease. The study includes a clinical survey of middle-aged men drawn from general practices in 24 towns in Engand, Wales, and Scotland, and this paper describes the distribution, determinants, and interrelations of serum lipids in these men.
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Accepted for publication 30 November 1982 screening and to the incidence in the following years. In this descriptive study, however, we are primarily concerned with the overall patterns of serum lipids and their interrelations, and with an exanination of the factors affecting these levels in individuals.
Subjects and methods
The Regional Heart Study includes 7735 men aged 40 to 59 randomly selected from the age-sex registers of representative general practices in 24 towns. The criteria for selecting the towns, the general practices, and the subjects as well as the methods of data collection have been presented in a separate report .3 In brief, the 24 towns were primarily selected from those with populations of 50 000 to 100 000 (1971 census). They were chosen to represent the full range of cardiovascular disease mortality and included towns in all major standard regions. The general practice selected in each town was required to have a social class distribution that reflected the social class distribution of the men of that town. Trained research 206Thelle, Shaper, Whitehead, Bullock, Ashby, Patel nurses administered'to each man an extensive standard questionnaire which included questions on smoking habits, alcohol consumption, and occupational history. Body mass index was defined as weight/height2. Smoking habits were recorded as follows: never smoked, ex-cigarette smoker, pipe/cigar only, pipe/cigar smokers who were ex-cigarette smokers, and current cigarette smokers at four levels (I to 19, 20, 21 to 39, ¢40/day). Alcohol consumption was recorded using questions on frequency, quantity, and type similar to those used in the General Household Survey. Eight drinking categories were used: nondrinkers, drinking on special occasions or 1 to 2 per month, drinking at weekends (1 to 2, 3 to 6, or >6 drinks per day), and drinking daily or on most days (1 to 2, 3 to 6, or >6 drinks per day). A "drink" was defined as half a pint of beer, a glass of wine, or a tot of spirits. Those men drinking more than six drinks at weekends or daily will be referred to as weekend or daily heavy drinkers. To determine social class the longest held occupation of each man was coded and the men were then classified within one of the six social classes of the Office of Population Censuses and Surveys.4 Each man's information on occupation was used to assess his physical activity at work, employing a simple three-category system. In some groups the totals for the three lipids differ because of missing data. The correlation coefficients shown are significant at the 0-1% level, unless some other level is indicated. In the description of the relation between body mass index and each of the lipid variables, the subjects have been ranked in order of increasing body mass index and divided into 20 groups of equal size. Triglycerides ( mmol/l ) Fig. 1 The distribution oftotal cholesterol (7690), high density lipoprotein-cholesterol (7419), and log triglycerides (5675) inBritish men aged 40 to 59years.
Results
The distributions of the three lipid variables are shown in Fig. 1 . Total cholesterol showed a normal distribution with a mean value of 6-30 mmol/l (242 mg/dl). Of the men, 100/o had total cholesterol levels above 7*7 mmol/l (296 mg/dl). The distribution of HDL-cholesterol was slightly skewed to the right and that of triglycerides was very skewed to the right, which is reflected in the high standard deviation in relation to the mean (Table 1) . In the statistical analysis we have therefore used logarithmic transformations of HDL-cholesterol and triglycerides but in Tables 1 and 2 All the three lipid variables were related to body weight and more specifically to body mass index. In order to assess to what extent the relation with body mass index could account for the interrelation of the three lipids, the simple correlation coefficients were again calculated after the effect of body mass index had been removed for each variable. These partial correlation coefficients, which were based on the residuals of the variables after controlling for body mass index were: Total cholesterol and log triglycerides r= +0 34. Log HDL-cholesterol and log triglycerides r= -0-44. Log HDL-cholesterol and total cholesterol r= +0-002. All these coefficients are slightly lower than the simple correlation coefficients but remain of the same order of magnitude, indicating that body mass index is only to a very small extent a determinant of the interrelation between these lipids.
TOTAL CHOLESTEROL (Table 1 was no further increase in mean total cholesterol concentration. About 20% of the men had a body mass index above this level, which corresponds to a man of 1.76 m and 87 kg (5' 9' and 13 stone 9 lb).
Men in the non-manual social classes (I, II, III nm) had higher mean total cholesterol levels than men in the manual classes (III m, IV, and V); the overall difference was 0-17 mmoVl (p<0.0001). The difference persisted even after adjustment for age, body mass index, and physical activity at work. This last variable was included in the analysis of covariance as there was a consistent downward trend in mean total cholesterol with increasing physical activity at work (p<0-0001). Cigarette smoking appeared to have little effect on total cholesterol though ex-smokers had the highest mean level. As this effect could have been a result of their increased body mass index, an adjustment was made for the effect of body mass index, as well as for social class and physical activity at work.
This brought the ex-smokers' mean total cholesterol down to the same adjusted level as the current smokers, and the main contribution to this adjustment came from the body mass index. The average increase in total cholesterol which can be ascribed to increased body mass index in ex-smokers is only about 0-04 mmol/l. Age and alcohol consumption had no influence on the total cholesterol level.
HDL-CHOLESTEROL (Table 1 seen in the daily heavy drinkers, who were 16% higher (0-19 mmol/1) than occasional drinkers. Within the smoking categories, men who had never smoked or who were ex-smokers (that is, men not currently smoking at all) had the highest HDL-cholesterol levels. There was no clear relation with HDLcholesterol within the cigarette smoking categories though the lowest HDL-cholesterol level (1 11 mmolV 1) was observed in those smoking more than 40 cigarettes a day. There was no social class pattern observed for HDL-cholesterol, no relation with age, and only a very slight trend (p=0.06) towards higher concentration in men with the higher levels of physical activity at work.
HDL-CHOLESTEROL, SMOKING, AND ALCOHOL
In order to examine further the relation between alcohol, smoking, and HDL-cholesterol, the HDLcholesterol levels in the eight smoking groups were tabulated against the eight drinking groups. Selected means from this cross-tabulation are presented ( Table  2 ). The lowest concentrations of HDL-cholesterol are seen in those who drink occasionally or not at all. Within this group, cigarette smoking is associated with a lower mean HDL-cholesterol concentration than in those who have never smoked. In the never smoked group, heavy drinking on weekends or on a daily basis is associated with raised concentrations of HDL-cholesterol. In weekend heavy drinkers, the addition of cigarette smoking appears to inhibit this increase to a significant extent, whereas in daily heavy drinkers, the considerable increase in HDLcholesterol concentration is not affected by concurrent cigarette smoking. Thus, alcohol and smoking have opposing effects on HDL-cholesterol, with the effect of alcohol apparently being the overriding determinant.
A further exploration of the relation between HDL-cholesterol and alcohol intake was made, using analysis of covariance to adjust for the effects of smoking, body mass index, and age (Fig. 3) . This adjustment produced a more conspicuous dose-response relation than initially observed in Table 1 , principally because heavier drinkers have a higher body mass index. Similar analyses were performed to examine the relation between HDL-cholesterol and body mass index, adjusting for age, smoking, and alcohol intake and also the relation between HDL-cholesterol and smoking, adjusting for age, body mass index, and alcohol intake. The effect of these adjustments was to suggest that the HDL-cholesterol relation with body mass index is virtually independent of age, smoking, and alcohol intake. After adjusting for age, body mass index, and alcohol consumption, the HDLcholesterol level in the non-smokers was increased, whereas it decreased in the current smokers, reflecting the positive relation between smoking and drinking habits.
TRIGLYCERIDES
There was a progressive and considerable increase in the triglyceride concentration with increasing body mass index, with a 73% increase from the lowest to the highest of the five body mass index groups in Table 1 . The relation appeared linear (r= +0-25, Fig.  2 ). Triglyceride concentrations were associated with alcohol consumption, but not conspicuously (Table  1) . Only those taking more than six drinks a day, either at weekends or daily, had higher mean concentrations than the occasional drinkers (p<0.05). Age, cigarette smoking, social class, and physical activity at work showed no significant relation with triglycerides.
Discussion
The mean levels and distribution of the blood lipids vary widely between populations and, for some of the blood lipids, these inter-population differences appear to reflect the population differences in coronary heart disease mortality. 1 8 Strong positive associations have been found between total cholesterol concentrations and the incidence of coronary heart disease, whereas the association with HDL-cholesterol concentration is strongly negative.2 These associations appear to be independent of other risk factors for coronary heart disease. There is uncertainty regarding the independence of the association between triglyceride concentrations and coronary heart disease incidence. high incidence of coronary heart disease, and is higher than the mean level currently observed in the United States.I The mean HDL-cholesterol concentration is about the same as that observed in United States populations, resulting in a low mean HDLcholesterol/total cholesterol ratio, also suggesting a high risk for coronary heart disease.' 2 These comparisons between various studies make no allowance for differences between methods or possible secular changes and should be regarded with caution. The use of non-fasting blood samples to assess the lipid concentrations must necessarily introduce an additional source of variation, that is the influence of recent food intake. The decision to use such samples in population surveys is based on feasibility and has precedents in other studies. "I" Serum total cholesterol concentration showed no diurnal variation over the 10 hour period in which blood samples were obtained. Both triglyceride and HDL-cholesterol concentrations showed diurnal variation, but no adjustment has been made for these variations in this paper. As the presentation is on a group basis and as adjustment is made for other variables wherever this is indicated, it is extremely unlikely that the diurnal variations in lipid concentrations introduce any systematic bias. When the data are used for incidence studies, in which individuals and small groups of subjects are involved, adjustments will be necessary and will be made. The predictive value of non-fasting triglycerides remains to be determined, and it has been suggested that postprandial measurements may be more relevant to the risk of coronary heart disease than the fasting levels. 12 The contribution to the risk for coronary heart disease from each blood lipid variable considered separately and in combination will be of particular interest in the description of high risk subjects and in the planning of preventive measures. It is probable that total cholesterol and HDL-cholesterol contribute independently to the coronary heart disease risk,'3 whereas the importance of non-fasting triglycerides may be overshadowed by their relation with cholesterol and HDL-cholesterol.9 The dynamic interrelation which seems to exist between HDL-cholesterol and triglycerides, however (that is the removal of triglycerides being dependent on the fasting HDLcholesterol level'4) may itself be a determinant for atherosclerosis. Incidence data from the regional heart study may provide an answer to this possibility.
AGE
In most cross-sectional population studies of blood lipid concentration, mean total cholesterol increases with age, the main increase usually taking place from the second to the fifth decades. '5-7 The rate of increase in mean concentration varies considerably between populations and in some populations no age-related increase is observed.'8 This variation in relation is probably more the result of environmental factors, diet in particular, than of some inherent biological characteristic. In the present study, no increase in mean total cholesterol was seen after the age of 45, implying that the main increment in serum cholesterol concentration had already taken place. Consequently, this population can be regarded as having been exposed to a high concentration of total cholesterol for a longer period of life than populations that continue to rise during the fifth or sixth decade. As this is a cross-sectional survey, the inferences we can draw about the effects of increasing age are very limited. The lack of increase in mean total cholesterol concentration after 45 years, however, is not explained by changes in body mass index; age and body mass index show no important relation in these men. It is also highly unlikely to be produced by selective elimination from coronary heart disease of those with above average concentrations of total cholesterol, as the numbers involved below the age of 60 years are not likely to affect mean levels in groups of this size.
BODY MASS INDEX
The relation between body mass index and the lipid fractions has been well documented,'9 201 but the mechanisms underlying these relations remain unclear. In the present study, analysis of covariance has been used to adjust for the effects of age, smoking, and alcohol intake and it is clear from this that body mass index has a strong independent effect on the HDL-cholesterol concentration. It has been suggested that the negative correlation between HDLcholesterol and triglyceride concentrations observed consistently in population surveys2' and confirmed in this study could be explained by both the variables being dependent on body mass index. ' Fig. 2 should not be too readily interpreted in dynamic terms. It does focus attention, however, on the complexity of the effects associated with weight gain and weight loss. The data could explain the early and distinct fall in triglycerides associated with weight loss and the difficulties encountered in reducing serum total cholesterol by weight reduction in the very obese subject. If so, weight reduction per se would be too nonspecific a recommendation if the main intention is to lower total cholesterol concentration in an individual or in a community, and more specific advice is indicated.26 SOCIAL 
CLASS
There was a small but significant difference between the mean total cholesterol concentration in the manual and non-manual workers. This is somewhat more pronounced if social classes I and II are compared with social classes IV and V. This finding of higher total cholesterol levels in the non-manual workers contrasts with other European surveys in which total cholesterol was lower in the higher social classes. 27 The finding in our study was not explained by physical activity at work or by body mass index. The most likely explanation for this observed difference in mean total cholesterol concentrations is different dietary habits, but our data do not allow us to examine this in detail.
CIGARETTE SMOKING AND ALCOHOL
Both cigarette smoking and alcohol have been related to the risk of coronary heart disease. The effects of cigarette smoking are always positive, that is they increase the risk of coronary heart disease, while the reported effects of alcohol are conflicting. Light/ moderate drinking has been associated with lower blood pressures and less cardiovascular disease,28 and heavy drinking has been associated with higher blood pressures and with more ischaemic heart disease. 29 Smoking and drinking are strongly correlated30 but appear to have opposing effects on some of the lipid fractions, making it extremely difficult to assess their independent contribution to coronary heart disease risk. Alcohol has been related to an increased HDLcholesterol concentration in both clinical experiments and cross-sectional surveys.3' 32 The effect is independent of other factors such as body mass index and cigarette smoking and appears to have a dose-response relation. The higher levels of HDL-cholesterol in ex-smokers compared with the smoking groups is not the result of the ex-smokers drinking more. They have the same percentage of moderate/heavy drinking as light smokers and a lower percentage than moderate or heavy smokers.30 Even if cigarette smoking does decrease the HDL-cholesterol level, our study indicates that at relatively high levels of alcohol intake the effect of smoking on HDL-cholesterol is overwhelmed by the HDL-cholesterol-raising effect of alcohol ( Table 2 ). If HDL-cholesterol is an important risk factor for coronary heart disease then the risk contribution from cigarette smoking, as determined by its effect on HDL-cholesterol, will be underestimated if alcohol consumption is not taken into account. The HDL-decreasing effect of cigarette smoking was modest but comparable with that observed in other studies.33 The actual difference increased slightly after adjusting for alcohol and body mass index but remained so small that it seems improbable that the HDL-decreasing effect of cigarette smoking is an important mechanism in coronary heart disease.
Implications
The aim of this presentation has been to describe the pattern of blood lipid concentrations in middle-aged British men and to examine a number of factors which might affect these patterns. It is evident that body mass index is closely associated with the concentrations of the blood lipids in these men, but the crosssectional nature of the data does not allow the full complexity of these associations to be explored.
Almost certainly, the relations are neither direct nor simple, but are determined by a complex of dietary, physical activity, and constitutional factors. Therefore, one cannot assume from our findings that making a change in the body mass index will necessarily result in a change in the blood lipid concentrations in the same direction and to the same degree indicated by the cross-sectional data. The effect of weight reduction on blood lipids is likely to be determined by the manner in which the weight reduction is achieved, and in particular by the nature of the specific dietary regime involved. We should be prepared to test the relations we have shown in our attempts to reduce the risk of cardiovascular disease, but we should not expect the outcome of our endeavours to be readily predictable. The relations observed in this study will be explored more thoroughly when the incidence data are analysed, but in the meantime, they provide use-
